Introduction
The presence of an extracellular layer on the surface of pathogenic T. pallidum (Nichols) cells has been inferred, suggested, or indirectly indicated. Consequently, the existence of such a layer has never been consciously considered by the scientific community. When harvesting treponemes (Nichols) from experimental infections, it is common practice to 'wash' them at least twice before subsequent use. Therefore, before initiating experimental vaccine studies using the Nichols pathogen, it was imperative to prove either the presence or absence of an extracellular layer )n treponemes before and after using various harvesting procedures.
Material and methods
ORGANISMS
The virulent T. pallidum (Nichols strain) was obtained from the Center for Disease Control (CDC), Atlanta, Georgia, and maintained in 4 to 5-month-old male New Zealand white rabbits.
Treponema refringens biotype Nichols and Treponema phagedenis biotype reiterii were originally obtained from Rabbits inoculated intratesticularly with virulent T. pallidum were killed by air embolism after 14 to 21 days and the syphilitic testes aseptically removed. Extraneous tissue was carefully cut away and a 1 mm. section taken from the syphilitic tissue. The section of tissue was cut into small cubes and fixed in cacodylate-buffered glutaraldehyde-RR for 3 hrs at room temperature. The tissue was then rinsed free of fixative with three changes of 0-15 M. cacodylate buffer over a period of 10 min. Postfixation was accomplished in cacodylate-buffered osmium tetroxide-RR for 3 hrs at room temperature. The fixed tissues were rinsed in three changes of buffer. Fixation conditions were essentially those described by Luft (1971a) .
Rabbits infected with T. pallidum and showing a well developed orchitis were killed by air embolism, and their testes aseptically removed, minced, and dipped in phosphate buffered saline (PBS) (pH 7.4) to remove loose cellular debris and extracellular tissue fluids. The testicular material was then swirled in fresh PBS for 30 to 60 min. at 35°C. The suspension of treponemes was centrifuged twice at 300 G for 5 to 10 min. The treponemes remaining in suspension, which were considered 'unwashed', were fixed with 1 per cent. (w/v) glutaraldehyde for either 2 hrs at room temperature or overnight at 40C., after which they were washed three times in PBS.
3-day-old cultures of T. refringens biotype Nichols and T. phagedenis biotype reiterii were centrifuged at 1000 G to sediment the cells. The cells were fixed with 1 per cent. (w/v) glutaraldehyde for 2 hrs at room temperature or overnight at 4°C., and washed three times in PBS.
Again, fixatives and conditions were essentially those described by Luft (1971a) , with the exception of fixation 2 British Journal of Venereal Diseases were placed in dry BEEM capsules with fresh resin and cured at 60°C.
Sections were cut on a Sorval MT-2B ultramicrotome, using either glass or diamond knives, and collected on 500-mesh copper grids without support films. Araldite sections were post-stained with uranyl acetate and lead citrate (Reynolds, 1963 (Fig. 4) . RR stained fibrils were found interconnecting treponemes to host cells as well as treponemes to each other (Figs 2a, 3a, b) .
Extracted T. pallidum Virulent T. pallidum cells extracted from testicular tissue, as described, were treated with RR, and an extracellular layer similar to that seen in vivo could then be seen in vitro. The reaction product varied from moderately dense to a heavy coarse deposit (Fig. 5a, b, c) . No RR was seen intracellularly. The most striking difference between treponemal cells seen in vivo and those extracted was the amount of RR positive material on the cell surface (Fig. 5a, c) . The majority of the treponemes treated in vitro had only a moderately dense layer on the outer envelope, an occasional cell having the dense coarse layer as seen in vivo (Fig. 5a, c) (Fig. 6a, b) . The untreated control had no apparent extracellular layer, whereas the RR-treated sample showed only a light deposition on the outer leaflet of the outer envelope. However, a dense area between the outer envelope and protoplasmic cylinder was observed in the RR-treated preparations only (Fig.  6b) . The slight RR reaction product gave the outer envelope a granular appearance rather than the uniform deposition seen on pathogenic treponemes.
T. phagedenis biotype reiterii treated with RR was almost indistinguishable from the untreated control (Fig. 7a, b) . A slight granulation of the outer envelope was the only difference seen. The dense area between the outer envelope and protoplasmic cylinder observed in biotype Nichols treated with RR was seen in both treated and untreated biotype reiterii (Fig.  7a, b) . No extracellular layer was observed.
Discussion
The purpose of this investigation was to determine the presence of an extracellular layer on the outer envelope of virulent T. pallidum cells occurring in vivo and in vitro. Also, a comparison was made with two culturable treponemes, T. refringens biotype Nichols and T. phagedenis biotype reiterii. The general morphology of virulent T. pallidum and biotype reiterii have been described (Jackson and Black, 1971; Weigand, Strobel, and Glassman, 1972) . Christiansen (1963) postulated the presence of a protective extracellular slime layer on pathogenic T. pallidum which was probably host-derived. Jones, Nevin, Guest, and Logan (1968) , using fluorescent antibody techniques, demonstrated the presence of host-derived globulins on the surface of T. pallidum harvested from experimentally infected rabbits. Fluorescence was not seen after washing the cells in buffer.
By the use of ruthenium-red (RR), we have demonstrated the presence of an extracellular layer on T. pallidum occurring in vivo in syphilitic testes. To our knowledge, no previous reports describing the use of RR to visualize a bacterial capsule or slime layer in tissue exist. Luft (1971b) noted that oral bacteria associated with epithelial cells possessed a densely staining area of presumably acid mucopolysaccharide after exposure to RR-osmium. Springer and Roth (1973) Chen, Elberg, Boyles, and Velez (1975) reported an extracellular layer on a virulent strain of Yersenia pestis and the absence of that layer on an avirulent strain. This finding suggests the necessity of the extracellular layer for virulence. This observation is consistent with the same finding for virulent and avirulent treponemes. However, it has been suggested that an extracellular layer may stabilize the bacterial cell-associated enzymes (Cheng and Costerton, 1973; Costerton, Ingram, and Cheng 1974) or may serve as a protective adaptation (Costerton, Damgaard, and Cheng, 1974 ) against large molecules, enzymes, and antibodies. It has been shown (Jones and others, 1968) that washing freshly harvested virulent treponemes once in buffer renders the surface of the cell susceptible to the action of lytic agents. Apparently, the extracellular layer is easily washed off the surface of an unfixed cell, because washing a fixed cell removes very little extracellular material. 
